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I. INTRODUCTION
Outstanding to increasing significance, the application of the Non-Newtonian fluid is required in engineering. It is due to their numerous applications in several areas, such as the plastic manufacture, performance of lubricants, food processing, or movement of biological fluids. Second grade fluids can model many fluids such as dilute polymer Viscous flows due to an impulsively started flat plate were examined by many authors. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] Free convection effects on the elastico-viscous fluid flow over an accelerated plate were examined by Singh et al. 11 Debnath 12 presented exact solutions of the hydrodynamic and hydromagnetic boundary layer equations in such systems. Takhar and Nath, 13 Takhar et al., 14 and Takhar et al. 15 investigated the MHD flow over a stretching surface or moving plate. Deka et al. 16 investigated the flow over an accelerated plate. Deka 17 examined the Hall effects in such flows in the presence of a magnetic field. Hydromagnetic channel flows in a rotating fluid system are investigated by researchers. [18] [19] [20] [21] [22] [23] [24] Many engineering situations (Ref. 25 ) and hydromagnetic convection flows in a porous medium or in a channel partially filled by a porous medium with Hall effects are investigated by researchers such as Krishna et al., 26 Chauhan and Rastogi, 27 Beg et al., 28 and Chauhan and Agrawal. 29, 30 Chauhan and Rastogi 31 discussed the unsteady MHD flow of viscous incompressible and electrically conducting fluid through a porous medium adjacent to an accelerated impermeable plate taking the Hall current into account. The heat transfer is also determined. VeeraKrishna and Prakash 32 discussed the unsteady flow of an incompressible viscous fluid in a rotating parallel plate channel bounded on one side by a porous bed under the influence of a uniform transverse magnetic field taking the Hall current into account. Recently, VeeraKrishna and Gangadhar Reddy 33 discussed the MHD free convective rotating flow of visco-elastic fluid past an infinite vertical oscillating plate. VeeraKrishna and Subba Reddy 34 discussed the unsteady MHD convective flow of second grade fluid through a porous medium in a rotating parallel plate channel with a temperature-dependent source. VeeraKrishna and Swarnalathamma 35 discussed the peristaltic MHD flow of an incompressible and electrically conducting Williamson fluid in a symmetric planar channel with heat and mass transfer under the effect of an inclined magnetic field. Swarnalathamma and Veera Krishna 36 discussed the theoretical and computational study of the peristaltic hemodynamic flow of couple stress fluids through a porous medium under the influence of a magnetic field with a wall slip condition. VeeraKrishna and Gangadhar Reddy 41 discussed the unsteady MHD free convection in a boundary layer flow of an electrically conducting fluid through a porous medium subject to uniform transverse magnetic field over a moving infinite vertical plate in the presence of heat source and chemical reaction. VeeraKrishna and Subba Reddy 42 have investigated the simulation on the MHD forced convective flow through a stumpy permeable porous medium (oil sands and sand) using the Lattice Boltzmann method. VeeraKrishna and Jyothi 43 discussed the Hall effects on the MHD rotating flow of a visco-elastic fluid through a porous medium over an infinite oscillating porous plate with a heat source and chemical reaction. Siva Kumar Reddy et al. 44 investigated the MHD flow of viscous incompressible nano-fluid through a saturating porous medium.
Many researchers discuss the unsteady free convective MHD flow without Soret and Heat generation effects and also ignored the ramped surface concentration. Our work can be considered an extension of the work of Samiulhaq et al. 39 So, the novelty of this paper is the analytical discussion of effects of the parabolic motion, thermo-diffusion, heat generation/absorption, thermal radiation, and chemical reaction on free convective unsteady MHD second grade fluid flows near an infinite vertical plate through the porous medium and taking the Hall current into account.
II. MATHEMATICAL FORMULATION OF THE PROBLEM
We have considered the heat generation/absorption and thermo-diffusion on the unsteady free convective MHD flow of radiating and chemically reactive second grade fluid near an infinite vertical plate through the porous medium and taking the Hall current into account. The coordinate system is chosen such that the x-axis is taken along the wall in the upward direction and the z-axis is taken normal to it. A uniform magnetic field of strength B 0 is acting in the transverse direction to the flow as shown in Fig. 1 . Initially, at time t ≤ 0, both the fluid and the plate are at rest to a constant temperature T ∞ and the concentration at the surface is assumed to be C ∞ , respectively. At the time t > 0, the temperature of the plate is either raised or lowered to T ∞ + (T w + T ∞ ) t/t 0 when t ≤ t 0 , and thereafter, for t > t 0 , it is maintained at the constant temperature T w , and the level of mass transfer at the surface of the wall is either raised or lowered to C ∞ + (C w + C ∞ ) t/t 0 when t ≤ t 0 and thereafter, for t > t 0 , it is maintained at constant surface concentration C w , respectively. It is assumed that the effects of viscous Phys. dissipation and induced magnetic and electrical fields are negligible. One of the body force terms corresponding to the MHD flow is the Lorentz force J × B = σB 2 0 V . Under above assumptions and taking into account Boussinesq's approximation, governing equations are given as follows:
with the following initial and boundary conditions:
Using the Rosseland approximation, 40 the radiative heat flux term is given by the following:
Assuming that the temperature difference between the fluid within the boundary layer and free stream is small, T 4 can be expressed as a linear function of the temperature. We expand T 4 about T ∞ using the Taylor series expansion and neglecting higher order terms,
Thus we have
Using Eqs. (12) and (13) in Eq. (5), we get
When the strength of the magnetic field is very large, the generalized Ohm's law is modified to include the Hall current so that
The ion-slip and thermo-electric effects are not included. Further it is assumed that ω e τ e ∼ 0(1) and ω i τ i 1, where ω i and τ i are the cyclotron frequency and collision time for ions, respectively. In Eq. (15), the electron pressure gradient, ion-slip, and thermo-electric effects are neglected. We also assume that the electric field E = 0 under assumptions reduces to
On solving Eqs. (16) and (17), we obtain
Substituting Eqs. (18) and (19) in (3) and (2), respectively, we obtain
We choose q = u + iv, and taking into consideration the momentum equation (20) and (21), we obtain
Introducing the following dimensionless quantities:
For Simplicity,
Making use of non-dimensional quantities, the governing equations (22), (14) , and (5) become (dropping asterisks)
With initial and boundary conditions,
The exact solutions for the velocity, temperature, and concentration are obtained for Eqs. (23)- (25) with initial and boundary conditions (26) using the Laplace transform technique (Ref. 46 ). Solutions of the problem for the ramped wall temperature and ramped surface concentration are given by
To determine the solution of the problem for the isothermal temperature and ramped surface concentration. In order to understand effects of the ramped temperature of the plate on the fluid flow, we must compare our results with the isothermal temperature. In this case, the initial and boundary conditions are the same excluding Eq. (26) that becomes θ = 1 at z = 0, t ≥ 0, a 9 , a 10 , a 11 ), f 9 (z, t, Sc, ScKr)) − g 3 ( f 11 (t − 1, a 9 , a 10 , a 11 ), f 9 (z, t − 1, Sc, ScKr)) + g 3 ( f 11 (t, a 30 , a 31 , a 32 ), f 9 (z, t, Sc, ScKr)) .
For engineering interest, the expressions of the skin friction τ, Nusselt number Nu, and Sherwood number Sh are calculated from Eqs. (27)-(32) using the relation
For the ramped wall temperature and ramped surface concentration, ∂q ∂z z=0 = [I 8 (t) + I 9 (t, Sc, ScKr) + I 9 (t, L, a 1 )] − [I 8 (t − 1) 
For the isothermal temperature and ramped surface concentration, 
III. RESULTS AND DISCUSSION
We have presented the fluid velocity, temperature, and concentration for several values of permeability parameter K, second grade parameter α, Hartmann number M, Hall parameter m, thermo-diffusion Sr, thermal radiation parameter R, chemical reaction parameter Kr, thermal Grashof number Gr, mass Grashof number Gm, and heat generation/absorption parameter H described in Figs. 2-26 . It is depicted that the concentration, temperature, and velocity profiles are less in the case of ramped temperature with the ramped surface concentration than those of isothermal temperature with the ramped concentration. Figure 2 exhibits the effects of thermo-diffusion Sr on the concentration profile. For both thermal cases, the concentration profile increases with increase in Sr. Physically, the increase in values of Sr produces a rise in the mass buoyancy force which results in an increase in the value of the velocity flow field is retarded. This occurrence has superior agreement with the physical realities. These results are in good agreement with the outcomes of the work of Kataria and Patel. 45 The concentration reduces with increasing Schmidt number Sc from Fig. 4 . Likewise it is increasing with increasing time t (Fig. 5) . We noticed that from Fig. 6 the magnitude of the temperature reduces with increasing Prandtl number Pr. Thermal radiation parameter R has a retarding influence on the fluid temperature profile for both thermal cases as shown in Fig. 7 . It is noticed that the thermal radiation parameter reduces the thermal buoyancy force, minimizing the thickness of the thermal boundary layer. Therefore the temperature profile increases with radiation parameter R. Physically, when the amount of heat generated through the thermal radiation parameter increases, the bond holding the components of the fluid particles is easily broken. Thus, it is pointed out that the radiation should be minimized to have the cooling process at a faster rate. Figure 8 generation (heat source), whereas negative means heat absorption (heat sink). The heat source physically implies the generation of heat, which increases the temperature in the flow field. Therefore, as the heat source parameter increased, the temperature increases steeply. The influence of heat source parameter Q 0 > 0 on velocity and temperature profiles is very much significantly related to the heat sink parameter Q 0 < 0. These results are clearly supported from the physical point of view because the heat source implies the generation of heat from the surface of the region, and Hall of the porous is also increased which rises the temperature in the flow field. Therefore, temperature profiles increase with increase in H for both thermal plates. Figures 9 and 10 show that the magnetic field has a retarding effect on the velocity profile for both thermal conditions. We know that the presence of magnetic parameter generates an electric field in the flow. This implies that the magnetic field has the retarding effect for both the ramped temperature with ramped surface concentrations and isothermal temperature with ramped surface concentrations. This is due to the point that the application of a magnetic field to fluid gives an increase to a resistive-type force (Lorentz force) on the fluid in the boundary layer, which slows down the motion of the fluid. Figures. 11 and 12 depict the variation of the velocity with respect to the permeability parameter K. Both the velocity components u and v enhance with increasing permeability parameter K. Figures 13 and 14 show the effects of the second grade parameter a on velocity for both thermal plates. It is seen that velocity decreases throughout the flow field with increase in second grade parameter α. It is also noticed that the thickness of the boundary layer increases if the second grade parameter decreases. Chemical reaction has a retarding influence on fluid flow velocity for both thermal cases as shown in Figs. 15 and 16 . This shows that the destructive reaction Kr > 0 leads to a fall in the velocity field which in turn weakens the buoyancy effects due to concentration gradients. Consequently, the flow field is retarded. This occurrence has superior agreement with the physical realities. These results are in good agreement with the outcomes of the work of Kataria and Patel. 45 Figures. 19-22 represent the velocity profiles with the variation in thermal Grashof number Gr and mass Grashof number Gm. The velocity components u and v boost up with increasing Gr or Gm. Figures 23 and 24 show the effects of heat generation/absorption H on velocity profiles. The velocity profiles increase with increase in H for both thermal plates. Thermal radiation parameter R has a boost up influence on the fluid flow velocity profile for both thermal cases as shown in Figs. 25 and 26 . Figures 27 and 28 represent the velocity profiles with Hall parameter m. We noticed that both the velocity components u and v increase with increasing Hall parameter m.
The variation of the stresses, Nusselt Number, and Sherwood Number is shown in Tables I-III for various values of the governing parameters. It is observed from Table I that we noticed that for both the ramped temperature and isothermal plate the stress components τ x and τ y enhance with increasing α, Kr, heat generation/absorption H, and radiation parameter R and reduces with increase in permeability parameter K, Soret number Sr, thermal Grashof number Gr, and mass Grashof number Gm. It is also seen that with increasing the intensity of the magnetic field τ x reduces and τ y boost up for both ramped and isothermal plates. Reversal behavior is observed with increasing Hall parameter m. Table II illustrates the effects of Pr, heat generation/absorption H, and R on Nusselt number. The Nusselt number Nu enhances with increasing Prandtl number Pr and H and reduces with increase in R for both ramped and isothermal plates. The Nusselt number enhances for ramped temperature and reduces for the isothermal plate with increase in time. Finally, the Sherwood number Sh reduces with the Soret number Sr and Sc and increases with increasing Kr and time for both the ramped temperature and isothermal plate (Table III) . Table IV validates our results in terms of the Nusselt number as it shows strong agreement with those of Seth et al., 37 whereas Table V 
IV. CONCLUSIONS
The heat generation/absorption and thermo-diffusion on the unsteady free convective MHD flow of radiating and chemically reactive second grade fluid near an infinite vertical plate through the porous medium and taking the Hall current into account have been studied. The concluding remarks can be summarized as follows:
1. It is observed that velocity, temperature, and concentration profiles in the case of ramped temperature with ramped surface concentrations are less than those of isothermal temperature with ramped surface concentrations. 2. The effect of all parameters is similar in the ramped temperature with the ramped surface concentration and isothermal temperature with the constant surface concentration.
3. Magnetic field M, second grade parameter α, and chemical reaction parameter Kr delay the velocity of the fluid flow throughout the boundary layer. 4. Thermo-diffusion Sr, Hall parameter, thermal radiation parameter R, and heat generation tend to improve velocity. 5. The temperature profile increases the tendency with the heat generation parameter, H, and thermal radiation parameter. 6. Chemical reaction Kr tends to reduce the concentration profile, whereas thermo-diffusion Sr has a reverse effect on it. 7. The thermal radiation parameter tends to reduce the rate of heat transfer, whereas heat generation parameter H and Prandtl number Pr have a reverse effect on it. 8. Thermo-diffusion Sr tends to decrease the rate of mass transfer, whereas chemical reaction and time variable t have reverse effects on it.
